Cyanobacteria are able to produce several metabolites that have toxic effects on humans and animals. Among these cyanotoxins, the hepatotoxic microcystins (MC) occur frequently. The intracellular MC content produced by two strains of Microcystis aeruginosa, PCC7806 and PCC7820, and its production kinetics during the culture time were studied in order to elucidate the conditions that favour the growth and proliferation of these toxic strains. Intracellular MC concentrations measured by liquid chromatography (LC) coupled to electrospray ionization mass spectrometer (MS) were compared with those obtained by enzyme-linked immunosorbent assay (ELISA) anti-Adda and protein phosphatase 2A (PP2A) inhibition assays. It has been demonstrated there are discrepancies in the quantification of MC content when comparing ELISA and LC-MS results. However, a good correlation has been obtained between PP2A inhibition assay and LC-MS. Three MC were identified using LC-MS in the PCC7806 strain: MC-LR, demethylated MC-LR and a new variant detected for the first time in this strain, [L-MeSer 7 ] MC-LR. In PCC7820, MC-LR, D-Asp 3 -MCLR, Dglu(OCH 3 )-MCLR, MC-LY, MC-LW and MC-LF were identificated. The major one was MC-LR in both strains, representing 81 and 79% of total MC, respectively. The total MC content in M. aeruginosa PCC7820 was almost three-fold higher than in PCC7806 extracts.
INTRODUCTION
Cyanobacteria blooms have been posing a worldwide environmental issue in recent decades (Shao et al. ) .
Not all cyanobacterial blooms are toxic, with the mean frequency of toxic bloom occurrence being 59%. The potency of blooms can vary substantially according to sites, seasons, weeks, or even days. These variations could be due to changes in species composition, to the production of different toxins with varying toxicity for each clone, and to the influence of environmental factors (Robillot et al. ) .
There is a risk that blooms of these cyanobacteria contaminate water supplies that are used for recreation, fisheries, agriculture, livestock-watering and for drinking water (Gurbuz et al. ) .
Microcystis is one of the most common and widespread genera of freshwater cyanobacteria throughout the world. In most cases, it is the dominant component of phytoplankton in eutrophic lakes. In temperate regions, Microcystis starts to grow in spring and, after growing exponentially during summer months, it moves into the stationary phase in late composed of only a few individual cells, whereas the largest ones may be composed of thousands of cells (Wu & Kong ) . Microcystis aeruginosa is the most common and bestknown bloom forming Microcystis and it is the most prominent producer of cyanotoxins called microcystins (MC).
These toxins are contained in Microcystis cells and are released when these cells die. Usually, cell-bound concentrations of MC are several orders of magnitude higher than extracellular toxins, whose concentrations vary from being non-detectable to about 10% of the total (Jüttner & Lüthi ) . The concentration of dissolved MC may be much higher in ageing or declining blooms when cell lysis is trig- ELISA anti-Adda assay 
RESULTS AND DISCUSSION

Cyanobacterial growth
Triplicate measures of cellular biomass, chlorophyll a and OD were performed in order to study the cyanobacterial growth. The growth dynamics were different between both strains (Figure 1(a) ). The stationary phase of PCC7806 was not observed after 21 days, whereas PCC7820 reached this point after 12 days. The growth during the culture time of PCC7806 was higher than PCC7820 (1.7-fold) with a maximum cellular concentration of 6.22 × 10 7 cells/mL and In our study, at 5 mM NaNO 3 the quantification of cells after 15 days of culture was 4 × 10 7 cells/mL for PCC7806.
Culture growth of M. aeruginosa PCC7806 and PCC7820 was followed using three different parameters: quantification of number of cells, levels of chlorophyll a and OD. The variation of M. aeruginosa PCC7806 growth is synchronous with chlorophyll a levels (Figure 1(b) ), which could be useful for the growth estimation as previously stated by Wang et al.
(). In the present study, we observed that chlorophyll a content showed an increasing trend with increasing growth (number cells/mL) of the strain PCC7806 in agreement with the results observed by Downing et al. () . However, this trend was not clear in M. aeruginosa PCC7820 in our culture conditions. The maximum quantification of cell numbers for this strain did not correspond to the highest chlorophyll a content (Figure 1(c) ).
During the study period (21 days) the maximum chlorophyll a level in PCC7806 culture was reached after 21 days (4 μg/mL), together with the highest cell number. In PCC7820, the highest level was reached at day 9 (2 μg/ mL), whereas the maximum cell number was reached after 12 days. In our culture conditions, both strains reached lower levels of chlorophyll a at 15 days (2.7 μg/mL PCC7806, 1.37 μg/mL PCC7820) than those reported by our results agree with the levels obtained by Wu et al. () who observed that the chlorophyll a concentration of PCC7806 increased with time (≈4 μg/mL at 20 days).
Specific growth rates under the given conditions ranged from 0.21 to 0.033 d À1 and 0.25 to 0.004 d À1 for PCC7806 and PCC7820 strains, respectively. The growth rates of both strains decreased during the cultivated period and were similar to those calculated by Wu et al. () for
Microcystis PCC7806 after 20 days of culture.
Comparing the three parameters measured, cell numbers, chlorophyll a and OD, we found that chlorophyll a correlated well with OD and with cell number in the PCC7806 strain. However, for the PCC7820 strain, chlorophyll a correlated better with OD rather than with cell number. Thus, under our conditions, the results for these three parameters are not always consistent with each other. (Figure 2(a) ). This toxin was identified using its respective commercial reference. The compound detected at 981.5 Da corresponds to a demethylated MC-
LR (D-Asp 3 -MCLR). The presence of both MC in extracts
from Microcystis PCC7806 has already been described in previous studies; however, their objective was to study the impact of some parameters in the MC production (Downing proportion increased significantly (∼9-fold) in D-Asp 3 -MC-LR levels (92,000 ± 10,120 ng/g versus 10,600 ± 1,378 ng/g), the other common MC in both strains. The differences in the MC production between strains of the same cyanobacteria species have been previously observed by other 
Toxin production kinetics
Intracellular MC concentration was studied by LC-MS, ELISA anti-Adda technique and the PP2A inhibition assay during the study period (21 days). For the strain samples of PCC7806, analysis of MC by LC-MS and PP2A inhibition assay gave lower values than ELISA anti-Adda (Figure 3(a) ).
The maximum levels of MC were reached at day 15 (400.6 ± In addition, the maximum concentrations obtained from samples of the PCC7820 strain were similar with the PP2A inhibition assay (1086.0 ± 66.4 μg/L) and LC-MS (981.0 ± 17.9 μg/L) techniques, and an overestimated MC concentration was detected with ELISA anti-Adda assay (1879.0 ± 106.2 μg/L) (Figure 3(b) ). The intracellular MC concentrations during the study period showed the same trend with the three techniques employed.
The mean levels of intracellular MC detected by ELISA were higher than those obtained by LC-MS; these differences were more marked in PCC7806 samples (4-fold) 
Comparison of intracellular toxin production between both strains during culture
Intracellular MC concentrations were not constant during the culture period in both strains (Figures 5(a) and 5(b) ).
This fact was mainly observed in the M. aeruginosa PCC7820 strain ( Figure 5(b) ). The cell quota (fentogram/ cell) varied within this strain during culture growth. The highest concentration of toxins by cell was reached at the beginning of the exponential growth phase (6 days) with a value of 87 ± 6.5 fgMC/cell measured by LC-MS and 97 ± 6.7 fgMC/cell with PP2A inhibition assay. During the stationary phase the MC levels by cell decreased considerably down to levels of approximately 17 fgMC/cell detected by both techniques. In the decline growth curve phase (12-21 days), an increase in the MC concentration by cells was observed, reaching 70 ± 6.3 to 78 ± 7.6 fgMC/ cell after 18 days of culture.
Concerning the results obtained for PCC7806, slight variations in the MC levels by cell overall by PP2A inhibition assay have been detected ( Figure 5(a) ). The maximum concentration of fgMC/cell detected by LC-MS was ∼10 fgMC/cell during the exponential growth phase, and the minimum level was 5.3 ± 0.9 fgMC/cell at day 9, just at the end of the exponential phase and at the beginning of the stationary phase. The MC cell quota in M. aeruginosa PCC7806 is lower than in PCC7820 (∼9-fold). In both strains, the maximum MC production took place at the beginning of the exponential growth curve in our conditions.
Robillot et al. () studied the MC production kinetics of M. aeruginosa PCC7820, observing that the maximum intracellular MC concentration was reached at day 7. In this study, the stationary phase was reached after 12 days of culture.
Considering these results, it can be confirmed that the toxicity of toxic Microcystis cells is variable and dependent on the strains used and the culture conditions. It implies that the comparison of toxin production between different species or strains should consider their production kinetics.
CONCLUSION
The comparative study of MC production during the culture period of two strains of M. aeruginosa (PCC7806 and PCC7820) has shown that the majority of intracellular MC production was observed during the exponential growth phase. In the present study, for the first time a new MC has been identified ([MeSer 7 ]) in the M. aeruginosa PCC7806 strain. The MC production and the MC cell quota during the culture period in PCC7806 were lower than in PCC7820 (3-fold and ∼9-fold, respectively). In both cases, MC-LR was the predominant toxin detected. In both strains, the maximum MC production was observed at the beginning of the exponential growth curve under our conditions. In this study, a good correlation has been demonstrated in MC levels determined by PP2A inhibition assay and LC-MS in both strains that were considered during the culture period.
